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ABSTRACT 

This study ceals with the wind and wave rersimes in 
the Gulf of Siam and with their seasonal chanvses. Winds 
@ver the GWif in the years 1950 throwem F957 were first 
ezemined in order to select three years in which waves 
were to be hindcast. Then wind waves were hindcast for 
menor -@orrap@i@al locatl@ns@in the GWf fer the years 
i905, 1956 and 1957.. The statistical results are pre- 
sentec for each month and for each location in the form 
of wind and wave roses, and wave-heicht and wave-period 
diagrams. 

Miiceautonor Wishes te express hls appreciauven !com 
pmewodvice end encouragement of Professor W. C. Thompson 
of the U. S. Naval Postrraduate School, under whose 
Omrection this study was accomplished. The subject was 
Suggested to the writer by Professor Thompson following 
meeetatterssintroduction to some of the navigation prov- 
Mes in the Gulf of Thailand by weather personnel of the 


That Naval Service in Bangkok in 195%. 
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ine inc rec. ction 

Climatological wave data have proven useful in 
Pema wikitarvy and civilian operations. Furthermore, 
the surface has just been scratched in the exploitation 
eros uses. 

Some Naval uses are [7]: selection er lanmdane 
beeches for amphibious opemations; selection of opti= 
mum sites for flight and fueling operations at seg and 
site studies for "Texas Towers". The Eeach Erosion 
Foard (U. S. Army, Corps of Engineers) uses wave data 
for planning coast anc harbor structures; evaluating 
nremiailure of these structures; andor predwtemenr 
m@eaeural coastline changes. The OLl industry, in con— 
feanlen Witty the development of offshore oil resources, 
mses Wave data in desifning offshore oil drilling plat- 
fioms and sulmarine pipe lines. 

In many areas of the world, such as Southeast Asia, 
a lack of wave records and adequate visual observations 
precludes the assembling of statistical wave data. How- 
ever, wave hindcasting, a process in which wave data are 
Obtained from historical weather maps by the use of wave 
prediction techniques, can provide a simple and useful 
solution 6 tie provikem., wilse, the necessary cavamcan 
Pescompiled ina fraction of the time and cost of the 


previously mentioned methods, 
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The objective of this study was to cempute clima- 
toletical wave data for several selectec locations in 
the Culf of Siam by hindcasting waves using selected 
years of wind dsta. 

the followime discussion Ws e@ivideds ints wemesce 
phases; 

a. Analysis and di#scussicme o® the wind @ei;rewmlation 

in thesGull \etiesianm:, 

bes A statement-of the conventions adopted and the 

SAgsumOulons made TOG thi se study. 

©, A discussicn of wave=generation processes. 

GaeA description of the hindcastime Geehmiienec. 

6. A description of the method used herein in 

selecttiig She years™for which te Guiamtcast the 
waves. 


f, Statistical results obtaimed from thie sitmndy. 





2. Wind Circulation in and around the Gulf of Siem, 
Iie meoniectives of Lhis Section are to dilecuso rac 
Mecabion, surrouncings TLopopraphy, and wind circulation 


my the Gulf of Siam. 


mee Locetion and Toporranhy. 

moe areca of Mnterest is. lecaledsin the ro uwrcse 
between 5° and 15° North Latitude and tetween 98° and 
1C9° East Longitude. Figure 1 illustrates the steograph- 
meat location, 

ie Gull of Slam iso relatively shad tone bodvaot 
water, the greatest depth of which is 40 fathons\s), Its 
ireeest dimensions are about 420 miles frcom narth to south 
eeog ocC miles from east to west. It is tounded on the 
temen and west by Thailand; on the northeast Cy Thailand, 
Cambodia, and Vietnam; and on the scuth by Thailand and 
the Federation of Malaya. The southeastern portion of 
f@emcult is open to the South China Sea; 

Mmeeure | also illustrates tre toporraphy surreundiae 
meen lf, in Thailand, the centrel portion of the country 
Peo lamwme alluviel plain flanked by mountains that extend 
southward alcne toth sides of the Gulf of Siam with elevae- 
fieema Up to 5,000 ft. The Cordillera of Annan, with 
mmeeavS up toe 6,COO {t., stretches down the Hast coast 
of Vietnam[10]. 

Since most of tre mountain ranges extend in a north- 
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South direction, they lie in the path of the prevailim 
k.onsoon winds and cause large local differences in climate 


and weatrer. 


a Wind Circulation, 

The wind circulation of Southeast Asiavisedominated 
by the Monsoons. They may Ce defined| 4Jas a ree Loncaik 
eeaculathken -superimpesed upon the genemel ciremlation,caus¢a 
maone seasonal thermal differences Getween land anc 
ocean. 

in winter, when the land is cool and the océan rela— 
wvely warm; the Winter or Northeast Mons¢en prevatris 
ever the Gulf of Siam from November to March, a@s¥an 
Ser2ow of the intense Siberian hi@h pressure field {11}. 
Figure ¢< shows the mean isobars and prevailing winds at 
the surface for January. Note the topographic influence 
@enune Wind im and around thesGulf wf Sian. 

ioc cummer or Southwest Monmsoon controls the circul-— 
ation from June until August, when the continent is warmer 
meeigeecne adjacent ocean. A significant feature in the 
Peeeerre distriktution is a semi-permanent low pressure 
eeameer over the northern Bay of Benral which is relatea 
memeeee southwesterly flow of air over the @ulf.  T['lgeere < 
meectures the mean isotars and prevailing Winds st the 
Seeeece for duly; Note tre ecntinuity in dimection of 
meew over the Gulf of Siam, 


Transition periods between the Monsoons are September 
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Sccover, during which the air ftow shifts from souunwest 
to northeast and April-May, when the flow reverses from 
northeast to soutrwest. These periods are for the central 
latitude (about 9° North) through the Gulf, and differ 
somewrat at other latitudes. 

The most noti@eabise featume of Witemwind weloc#ty at 
pmearticular ststicon in the Gulf of Siam is itspersis-— 
meaee, Once the seasonal Monscom is established, the wind 
peawss from about. the same direction with little chameae in 
mecea for months et a time. However, it is of Interest 
feat in the northern Gulf the chanzesin wind direction at 
eeeearticular stetion during the shift of the Nonscons can 
be extremely rapic. These rapid chances are usually 
associated with the passage of a trouch at the 50C mb level. 

the mean avength of «themperiod ot transition, basedgon 
eee rom this study for all ststionsmimeinme Gulf, is 15 
days. Twc examples of rapid seasonal wind change are 


illustrated in the follcwins tables: 





TABLE I 
Examples of Rapid Shift of the Monsoons 
aon séDattes Wind = Station Dates Wind 
Fangkok Sept.- Prachuap Jan, 
Cece loo Khirkhan 1oS0 
25 S/10 21 N/10 
26 By5 22 NE/5 
Me SW/10 ENS N/5 
28 E/5 24 Nw/e2 
29 N/5 25 w/e2 
EO NS MM = 
1 E/2 26 w/2 
p NE/15 ay sw/2 


ctit= 


al = eee 


et = eee lee & 





Se CONnVeitions Adopledeend Assumptions Made for this Study. 

The Surpose of Chis SSCULONM 15°00 Seu fort a tcmecom yen 
means adODtGd and assimptions wade for this study. 

Wind=-senerated waves In the occan can be divided imtoo 
GWo classes; 1) see end (2) swell. Sea, often referred 
to aS wind wav-s, may be defined as waves venerated by 
the local wind. Swell may te defined as wind-generated 
waves which have advanced into regions of weaker winds 
mo calm. This paper is concerned only with wind waves 
Since the determination of swell at the selected locations 
maerme Cult of Slam is beyond the scopt of this study, 
Murthermore, since the @ulf is open only in the southeast 
Mescviie Soula China Sea, theresis Jie vesoeu oo reunite et 
meetl to enter the Gulf. Therefore, tGhevoccurrencesor 
swell as compared to wind waves is relatively unimportant 
in the Culf of Siam and can be disregarded. 

The wind waves will be described in terms of the 
iGuemeoiySical ¢@haracteristics: height and perred.. In Gres 
study, wave heischt will de expressed as the "sienificant" 
waye heicht. This is defined as the averare heischt of the 
nishest one-third of all waves passing a fixed point 
during a given observation period (one-half hour or 
longer) (15). The siznificant wave height was chosen 
because it is tre standard height parameter in most wave 
Studies and it emphasizes the larzer waves present. In 
acditioOm it has been noted tlt a casual observer tends 


So report waves which lie closer to the significant wave 
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heirht than to the mean{15\. 

If the significant wave height (Hp) is known, other 
measures cf wave heigrt can be, computed from Table efis]. 
The values in this table were obtained from the analysis 
fee well records: but Jb oy esiso -jroviees a s00Os eto cos oat ion 
of wind waves. In the table, the figure for "relative 
Meipht" is a ratic of any particular height, such as 
ayerace heicht, to thé sienificant heicht. 


TABLE @ 
Comparison of Wave Height Parameters 


Wave Height Relative Height 


ee 
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In this study, the pericd of the wind waves 

feel bewexpressed as Sigmificant period (TRJee Inis 
Mmemoerinead as the averame period of the highest cnre=thira 
of the waves passing a PSE point “GUrings Sstalta 1 wen 
val of time (one-half hour or longer). 

Onaty waves of two feet Or wore in Weleanp ene 2 ou 
mewoncs Or gr@ater in period were rerardéed as being 
tereny Of note. 

Pe important assumption made in this study 1s )iaan 
the forecasted wind waves occur in deep water. According- 
memo TOdifications were made lor shoaline orurei rection 


il 


eeeetne waves in shoal Water. Deep Water is @efined as 


1m aoply a shos ligggescOTRection,. tne~specurse perrede . aaa 
described in H.C. 603(18}should be used. Since only Tr 
mmocuctmined in this study the shoalitge Correction would 
meren approximaticn. 
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d/L)>21/2, where d=water depth and L.= deep-water lenreth 
nS) pince the Gulf of Slan@s Pelatively shallows as 
mentioned in Section 2, all waves of period 9.7 seconds 
eoregreater in depths of 40 fethoms and 6.8 seconds or 
rreater in depths of 2O fathoms should be modified by 
applying the proper shallow water relationships (H.0. 234) 
(14 | to obtain more accurate wave heichts and periods. 
However, for the relatively short periods of waves that 
mae Study shows to prevail in the Culf, trissaseunption 
memvalid for all vortYons of the*Gulf taat arewnormasally 
navigable by coastal steamers. 

Another assumption made is that the wind recorded 
aa Stawiom, for example Praenmap mhimicaen, tees blown 
semess the entire fetch with the same direction andespecd. 
ime the case of wave-forecasting Stations Three and Four, 
(see Figure 5) for which no wind records are available, 


"mental streamlines" 


were drewn throuz;h the winds reported 
eee jacent stations, and the Wind sv@ed and diree@zion 


Pavues at these stations were interpolated. 





4, Ceneration and Crowth of Wind “Waves. 

The disecussiongin this section is®wiven to descrive 
briefly the basic theories of wind-wave formation and 
erowth. 

Whenea, litte Wine “spriness up Sever a calm rodwaot 
Weacer, tiny wavelets ame observed which form in more or 
less rerular arcs of long radius. These are termed 
"cavillary waves" since their dimensions and speed are 
determined by the surface tension of the water(21}. 
moun the period and wave length are extremely short, 
Bemme.on the order of a fraction of a second and an 
inch, respectively. e 

When the wind speed increases to approximately 2,2 
Mnots, larcer additional waves are generated, dominantly 
Maaer the restoring force of rravity(17], and are called 
Veravity waves". 

Waves smow in size by the transfer of enerry from 
the wind to the waves throurh the pushwof thegwaimnd eaatnist 
the wave crests (normal pressure) and pull of the wind 
on the water particles (tangential drac)[15}. While the 
Wind is btlowinc, a state of irresular composite wave 
motion, called "sea", occurs in wkich the total wave 
wore y 1S spread outeover a ranse of periods and direc- 
tions (centered aktout the. mean wind direction)|18]. 

The neightwot the waves present in the areasof wave 
fomnation at a particular time depénds upon: 


ao the wind speed 





bob. twme fetch (tHe stretch of water over Weich the 


=, tie duration of the wind (the length of time tie 
Wind nas blow) 

ad. tue acepth cf the water, if shoal vuter (assumed 
deep in tnis study) 

@. tue waves which vere present when the wind started 

CLOW. 

In tne Gulf of Siam, the Reaeht of the waves fore 
elven wind -peed depends orimarily upon the fetcn and the 
meses On. in Tats study it wes found tuat the duration 
oF tue wind was the governing fector during periods when 
Moegerete to high winds tere interspersed with days of 

alm winds, Since the wind speed changes limited tne 
prowth of tie waves. On the oti.er hand, when the wind 
sceeds underwent little change from day to day, the fetch 
aG@ a Perticuiar station became the limitiny factor. 

A fully developed state of the sea occurs when 4 
pjiven tind has blown for a sufficiently long duration 
@merea SUiticiently long fetch. In this state, tne rate of 

energy input by normal and tangential stresses is just 
ecualled by tne rute of wave energy dissipation, princi- 
pally cy white-cap formation 18 . 

Fully developed states of the sea occur in the Gulf 
of siém primarily for wind spexds of less than 15 knots. 
it can be seen in Figure 4 that a 15 knot wind requires a 
fetch of 300 nautical miles and a wind duration of 30 hours 

+o produce a fully developed sea state. For winds greater 
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than 15 knots blowing for 30 hours or longer, the fetch 
becomes a limiting factor because there are few steticns 
with fetches in the Gulf greater than 300 nautical miles 
except in the southeast direction. Table 3 below gives 
the fetch lengths (in nauticsl miles) at the four wave 
memucasting stations for which waves@were Torecast in 
ores study. 

TABLE 3% 


Limiting Fetches at the Four Wave Hindcasting Stations 


Meerection Station 1 Station < Station 3 Station 4 
N pane Sib. ee ie 
NE (ee iO 25 120 
E 150 onl 760 140 
ob ys, seer 270 5&0 
S SEC --- eo 180 
Sy == a LSQ LD 
We a a 270 i 
NV “<= “== BwAe 24.0 


* All distances in nautical miles. 
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oe Tecunicue of Obtainin@ Statistical Wave Iniormacion. 

In this section, some backpround is -iven on the Find- 
Bastime technicue, including its inherent advantages and 
Gisadvanta:es. Reasons are riven for use of the wave fore- 


Saou eraphs employed in this study. 


mo, “the Wave Hindcasting Technioue, 

"Necessity is the mother of invention", is a rather 
feaeerwmetaphor. Nevertheless, it can me sai®ee that World 
aererl “ave birth to the @jreatest period cievragrese: in 
paemeLnéemy, observation and vrediction of same swells and 
eurit. 

As early as 1942, %. H. Nunk| 3 jin the Oceanofzraphic 
meolon, Directorate cf Weatner, Army Air Force, was assifne 
ed the task of developins a wave forecasting method to be 
Meecein the invasion of North Africa. During early 1943 
Munk and UY. U. Sverdrup, Director of Scripps Institution 
of Oceanography, devised a technique which combined both 
@iee1ved data and the classical equations of hydrodynamics 
Pemeeoolain the processes of Wave séeneration and decay, 
Moewresults were later publisred in tre form of forsecast= 
ahs craphs\20], Teese Were supsequenciy revised tar 
fos Arthur in 1947[(2), and later, on the tasis of addit- 
Monel observed data, by C. I.. Bretschneider in 1952\6 |. 
Maeewave forecasting method is now referred to eas the 
sverdrup=-"unk-Bretschneider method or the SME method. 


Tn 1954,0W%./J. Pierson Jdr.,.0. Nevumerin and &. VW. 


James of New York university devised a method of fore- 
Ihe 





casting ocean waves cased on wave spectra and statistics 
fis]. The PNJ or wave Spectrum Nethod, as it is termed, 
describes the sea surface as the result of the combination 
of an infinite number of low-amplitude sine waves varying 
moaetreovuency and direction. 
A comparison of the SMB and PhJ methods is given 

ioetne foréward of H.0. Pub. No. e03(18|which Swabs oe 

The Pierson-Neumann-James and Sverdrup-Munk(-Bret- 

schneider) tkeories for forecastins sea conditions 

are similar in that the basic eouations were dedaiced 

by analyzing a great number of observations by graph- 

ical methods usin’ known parameters of wave character- 

mecvics,. . Cheuge ouner nand,.. the two thecrvices aremdic. 

Similar when dealin, with swell. The former techni- 

que relies strictly on the theoretical considerations 

Of antular spreading and»dispersion of the various 

components of the spectrum, whereas the latter tecnni- 

gue is partly theoretical and partly empirical. 
eee reasons for Using the ShE Wave Forecasting Curves. 

Bumce this paper is concerned With ottawa cot auos 

only the sisnificant wave height and per‘od, the author 
meeeeecaat the SMB curves Were more convenient to use, The 
wave height and period can be read directly off the SMB 
praph (see Figure 4) by entering with the pertinent wind 
mewoctiy, fetch, and eeration.™ Trewrranph alsometntemis 
lines of "equal energy" which allow rapid computation of 
Maveswereins produced durins periods of varying wind speed 
oe teemetia@dmeaescribed by Bretschneider|6 |. Vor @xample, 
©O knots of wind blowin’ for 12 hours senecrates waves with 
the same energy of those produced by a 30 knot wind blow- 


moe for four hours. 


oth WMYethods can We used te arrive at varfous 
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descriptions of the wave hsisht, such as "most frecuent", 
Naverace", "siznificant" and "average of the 1/10 highest" 
waves,and both give nearly identical results in the fore- 
casting of wave heizht produced by wind waves. Further- 
more, aS méntioned in section 3S, ther@® are’ Sesentially 

no swell of importance in the Culf of Siam. The fore- 
Casting of wave period by the PNJ methodweis mostebine 
memsmmine tut yields more information in the form of the 
Gommec of simmificant pemiods presecntmamc dae period soi 
meecenum energy concentration. The SVB method yields only 
the sicnificant period (Tw), which is essentially eauiva- 
Ment to the pemiod of maximum enémmey concentration? thie 
Ee method. 

Tne followings is a short example in the use of Fieurem. 
Given: wind speed (lL) 22 knots; fetch (F) 400 nautical 
mates; duration (tq) 18 howes. From the @rapheesiami@cant 
tome hetaht (Gg) 10.0 ft.;esicnificamawave period (2p) 


8.2 seconds, 


9C., Advantages and Disadvantares of the Hindcasting Method. 

The advantaztes and disadvantasces of the wave hindcast- 
Memeeetnod for obtaining statistical wawe catasdadremas 
follows ([22\[o9 |; 

Advantacess: 

a. VNavewGaca  Cansee inferred (formany Jocat ion. Lee 
oeeansmand for any interval in Mme past if adequate 
weather maps are available; whereas, there are very 
few regions where adequate records of actual waves 


Aare available. 


Bo ave data Came ee sorovidedmin a Snort period of tincer 
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BUrEeanc Saur[7\state that, "two forecasters and three 
Seermese.cal “lors Can CempuLe, in abouleiour genus 
tre Gceepm@weter wave characteristics over a three «ear 
veriod for the California coast". Other methods nec- 
Seeerily recuilre continuous ctservations Curine® Tae 
entire year. 


Rindcasting 18 not Wanpered by Weaps in the waver recor 
Caused byMANnstrunent Talturesor bueinabili@uavo Geist 
Visual otservestions. 


Variactility ¢i the mean wave “action from year Gomwea 
Can ve estimated readily by hindcasting waves over a 
PeercChCd (Numecr 7O1 ey cars. 


Cost of hindcastig: is very Jew comparcd pio Uns "coce 
of installing and maintaining waverrecorde®ms, aind 
analyzing the results from wave records or visvel 
Olservatvens. 


wave data compiled from visual observations or wave 
records are ~enerslly collected 1romesveci (iceman. eee 
water locations, and the data cannot readily bce applied 
LO adjacent areas; whereas, Wave data are hindcasm-c 
for a given location in deéep_water, and anrropriate 
SoOrrecbi:ons Can be aoplied|14 |to obtain the wave data 

in adjacent shallow water sreas, 


Meoedvantares of the technique ares: 


Ao 


OD. 


the wave jorecastings beehnicue has not been fully 
bested by comparing Torecastvéd Waves Wilh Cosemuca 
Waves because of the lack of adecuate otservations; 
however, the few comparisons that have been made 
indieate that the hindcastime Bechni que yasellds cute 
SauLaiaccory Mesults for cimatelerzical pumegocece 


mave hindcests are subject to e@rors in judement and 

to arithmetical errors, but these temd to compensate 

Gr to disappear in the statistical tréatment. 

Wave forecasts differ between forecasters because the 
estimation of wind speeds over water areas from weather 
maps is somewhat subjective. 


Procedtme for Applying themindcasting Techni cues 


i eenrrcequre used Dy Cie Wire tor commi@iing clime— 


wolorical wave datasby application of the himecasting 


technique was as follows(22|. 


15 





MVS o. WEltee me mals WSTetCMesecmet at COVSiarcne Venti me 
eecear area from which waves can Ee ~enevsted and influence 
meomiorecast locations Iols areca inclivdes tre uli "ot Sie, 
meee be adjacent South China Ses. The mages tratevere selec, — 
mumetere Lie Dally Séries Of Synopulc weather Navs of fae 
Porcohésrn Her isphere| 8 \for Loe yesteeleoo, LCa6, amummes sin 
Mee reason for the selection of these years is discussed 
Maeoection 6. These maps are forye4 hour intervatis 
med utilized the Ic0Cz revorts. Intervals of le nours are 
mee erable, especially in mid-latitudes, but 24 hourly mens 
Can te used in an aréa such as the Gulf of Siam due to the 
m@ersistence of the winds. For days when data were missings 
estimates of wind speed were made from preceding snd suc- 
@eedine days, and wind reports from nearby seccndary stations 
were also utilized. I£If a particular station had more than 
meemeot its reports missing during 4a month, the cata for wae 
month were dropred (e.:., Sontkhla in Aucust, September, 
and Cctoter 1957). Part II of the Daily Series of Synoptic 
Meecrer Maps of the Northern Her.isphere|8\was particulerly 
feel in furnishing wind data for secondary stations. 

i as to be noted that sincs all rerorting@etatiens 
in the Culf were tclow cCO North Latitude, only observed 
Winds at the stations were used, No attempt was made to 
Serein Wind speeds irom tre pressure gradient due to its 
meessS in&ecuracy at these low latitudes. 

second, the SMB wave forecasting techniaue was 


applied to the weatrer maps in order to obtain the wind 


ne 





Waves fOr Lour eecleectea—sites imeerne Culi of soma. ofie 
location of these stations can be seen in Pizure 5. The 
reasons for tre selection cf these particular sites is 
discussed in Section 6, Cnly wind waves were forecast 
orawee Shallew water correcticns were tad ce, 

rinally, a climatolozical compilation of the deep- 
water wave Gata was made by tabulating the number of hours 
mor each month that wavesmof difierent hetehts sand periods 
prrived at the staticns from various pessible directions. 
These cata, in the form of wave roses and wave-heigrht and 
Weaveeperiod diagrams, can be seen in the aprendices of this 


paper. 





6, Celection el Representative Mears of Vind Vataand 
Sites for Forecasting Wind aves. 


ine. Oo(SChl Ve eres 1G Lo Cx reine wiy aloo 2 eo. 
and 1957 were chosen as thre yeers for which wind data were 
meeo for forecasting Waves. Thé* reasons ar€é also fiven 


for selecting the sites of the four wave forecast locstions3 


fee sel@ction of the Mears. 

because it Lsmimmortant in sucha “study as thiseto 
mee representative years of wind-speed data, a scientific 
ferro” was used for their selection as follows: 

Porst, a ¢roup of years contained invone Sunspotec ce 
(atout ll years) was selected (1947 through 1957). Recard- 
ing tre use of one sunspot cycle, Stetson 18 felt that 
meena this scl@ven-yéar period, an sextmeme ranesol climatic 
Variations over the earth will occur. Unfortunately, eleven 
fees Of wind data from a sufficient number of observireg 
Stations were not svailable. Prior to 1950, there were two 
meeeeaole ststions around the Gulf in operation, namely 
Bangkok, Thailand and Yota Bhaur, Federation of Malaya, 
Merc) nad been taking observations as early as 1936 12. 
memvever, in 1950 theré were*s@ven stations ringing the 
feerewhich were reportirge on a retular and reliable tasis. 
Taereicre, the years 1950 through 1957 were sampléd. 

second, a random choice of threé dates was made from 
cne month (llth, 2lst, and 27th). The wind speeds for 
the years 1950 threugh 1957 were sampled by means of the 
reports durinz trese three days per month. 
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Third,jethe avervage monthly and yearly wind speeds were 
then computed and *raphed (see Ficure 7). 

Pina] leer, exemination of these elmpntl years ct 
wird data, three years wert™seclected as follows: 

a, Awear of maximum wand speed: loa 

by Anvearmef mimimium windwespeed: 1957 

@e A yeer of averaze wind speed: 1756 

This study showed that the year-to-year variability 
Maethe wind speeds arommc the Gulf are small and that 
Sampling of years from a sunspot cycle is apparently not 


important. 


meer oecliection of the Su ceey 
iieewind reporting Staeclons choosen Ona Lies tasus .oum 

meerapiical distrivutiom and reecularity ef reperts were. 
Ranekok, Frachuap Khirkkan, and Sonekhla, Thailand and 
memeon, located on the Ile Poulo Condor off the Sovth 
coast of Vietnam. Baenekok was chosen tecause it is the 
freer On Which cives first indication of any srift of wind 
direction in the Northern Culf. Prachuap Khirkhan is 
metaved to Wave Station 1 and Sonrkhla to Wave Station a. 
eee ind field between Sonszkhia and Consen primarily 
Meeerns the waves at Stations < and 4. 

Pour wave hindcastink ssites were sel@eted in the 
fomlowine® ®é¢otraphical locations so as to cover the GuiT: 
Station No. 1, just off Prachuap Khirkhan, Thailand (11° 
ma N, 99° 48! BE); Station No. 2, just off Songkhla, Thai- 


mere (07° 17! Ns (CCS *%?27" Be Station Novws, at C6° "so" 1, 
19 





1O4CNEOMEeand StatieneNo. 4 at ©8° OC" Npale@2> cote, 
They are shown in Figure 5 (the limitin- fetches for each 
are civen in Takle 2). 

Wave Stations 1 ard 2 are spaced so as to five a 
representative picture of the wave data alons the western 
mieceof the Culf. Theyewere pleeea just off of their vee- 
mective cities so that the wave data would te for points 
beyend breaking depth most of the time. Both Prachuap 
Memrknan and Songkhla are reliable synoptic reporting 
fieevions for wind direction and speed, 

Station No. 3 is located about 2O miles WNY of Ile 
Belo Obi, This site on the east side cf the Cult was 
miesen Lecause it is a heavily. trafficked area for ships 
eperinew the Gulf of Siam from the east and southeast. 

fe caution’ notice on AC. Naveteation Chart o,clo. 
ft of Siam) states that tre tank in the vicinity of 
memmoe Ce Ca Mau and Ile Feulo Qbi is exterding seaward 
ome relatively rapid retes This is due to heavy devosi— 
mpemeeo. sediment from the many rivers in this southwest t— 
Peeeeortion of Vietnam. It is possible trat wave data 
for Stetion ho. J5,ccntained herein,may be useful to coast- 
meme rncers in determining the effect of the waves and 
fecre currents cn the formation end grewth of this bank. 

Suatlon to. 4 was placed in the center cof Ure lover: 
Culf to complete tke picture cf the wave conditions in. 
wim@eeCulf. : 


The large bay just to the south of Bangkok was not 


Peosen 2S a Site Since tle waves trere are relatively 


ZO 





saallWeamdearc feteh=Iimited from all directions, except 
from the south, Station No. 1 will provide representa- 
maccudata, for thise@direction. 

NGo sites were selected cn the northeastérn side of 
moe Culf dwe to the dearth of reportins stations between 


Bameiok, Thailand and Kampot, Cambodia. 
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7. Results of the Study. 

tive Objective, Of nls sce mncmms bLO Cresent abe. 
results obtained from this study on the wind and waves 
eae Lvew Gull of Siam, 
foe Winds Over the Gulf. 

Prom daily reperes cil wind specdrand OPrect ion ior 
four of the seven reporting staticns consicered in the 
Gulf for the years 1955, 1956, and 1957 (namely Eangkok, 
Prachuap Khirkhan, and Songkhla, Thailand and Conson, 
Vietnam), a tabulation was made of the percent frecuency 
eee occurrence*of cértain ranses of Wind speeds for eae 
Greeaecht compass directions. The compilaticn of theses 
eee Can be seen in the form of Wind roses” in Append i. 

The wind roses for January indicate that the winds 
at Bangkok tegin to shift to the SW regime. Frachuap 
Pare nan, about 120 milés to the south of Esngkok, is 
still under NE flow as are Sonskhla and Conson. By Feb- 
meee, the shift of southerly winds reaches as far south 
as Prachuap Khirkhan. Note that at this station and Bang- 
kok the winds sre predominantly from the south and not 
the southwest. This is believed to be due to thre funnel- 
Pome rect of the mountain range of 6,000 to 4,COCC feet 
el@vation trat runs alcne the west coast of the tulf. 
merce and Conson still “xnibit the characteristics of 
weeoce ry fiow, The™ picture in*’March is essentially that of 
February with no major changes in wind directions taking 


place. In April, Songkhla and Conson toth have a small 
Be 





percentare of tre winds from the W or SW and bv hav all 
Svtavicns “methes@ull sere echeracecri76ed by winds=predenmn— 
antly from the SW or W. The summer months of June, July, 
Meade sucustware culte similar and exmaihbitw@bhitt beserag es 
mon the flow established in May. In September, ali 
stations show a definite weakening of the flow from the 
SW and W as indicated by a small percentage of winds from 
the NE. The wind roses for October indicate trat the shift 
of the winds to the NE monsocn is almost completed for the 
northern two stations(Pangkok and Prachuap Khirkhan) while 
the two southern stations are in the een Oe ehane este 
the NE. November and December are the best examples of 
the NE monsoon over the Gulf. The wind flow over all 
stations is then dominantly from the directions of NE and N. 
ine months with the @reatest numbereoisesinediaycoe — 
peeved were April and May (28% and 24%), and September and 
October (20% and 37%). These two sets of months cen be 
termed 2s the transition periods Letween the Winter and 
Summer Monsocns for stations in the central Gulf of Siam. 
There were fewer days of calm winds reported in 
Mmeneer than summer, On therwhole, the wind speeds were 
considerably hizsher in the winter (November tkrouzh March) 
than in the summer (June through August). It is of inter- 
est to note that Sora esp octane in the winter, ¢on- 
Sistently reported higher wind speeds tran Sinoumaine 
stations. This may be due to a topographically formed 
[revere ence Zone Over this Lecati ons 
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7B, Waves in the Culf. (as hindcast) 

Appendix II conteins graphs of wave heizht and wave 
meriod versus the number of hours perwmonth the heirht ang 
Meriod is less than or ecual to a particular heirht or 
period. It should be noted tkrat this is the "sisnificant" 
heirht (Hp) and "“sifnificant" period (Tp) as explained in 
Section 6 Some wave heishts recorded in the Culf were 
much higher and some periods were much longer. 

't Can be readily seen teat vse rs esky vaves for 
fee. sites chosen occurred in the Winter months. @urther-= 
more, the highest waves were hindcest on the western edges 
PiethesGulf justeeff Songkhla(Stations2e 

January and February produced, at Station 2, the 
meeetrest waves recorded in the Gulf during this study. 

é 
Heewmer-nts were 23S and 25 feet respectively With peniods 
pee eesccconcs. The neivhts steadily decreased anc poe 
pericds shortened through May, when Station 6 recorded a 
meme st of five feet and a period of séven seconds, the 
Peeeenom values fcr that month. During the months cf Jungs, 
duly, and August the velues of wave hei -ht\ and period 
increased, attainine a maximum of 14 feet with nine second 
periods. September exhibited low wave heirfhts and periods, 
meeetiaximum being five feet and s®ven seconds at Statbion S. 
Pater Monsoon brought an ineHeee atin wave heicsht and 
weerod trrowal the months of October, Ncvember, and December, 
mae maximum values far tris period occurred in November at 
feet lon 2, ‘The heithts were 17 feet with periods of 10 


seconds. 
— ; O4 





The figures read from the graphs in Appendix 1lI do 
not take wave direction into consideration. The wave roses 
for the selected sites give 3 good picture of wave heigiits 
with respect to directions (see Appendix III). 

Weave station 1 is sheltered considerably by land”™to 


As 


its west and 1s aftected by waves from the NE, E, oE, and 
Eon y « 
otation 2 18 open to wave action only from the N, NE, 


it 


and E. 

Stations 3 and 4, being in open water, have fetches 
greater than 100 nautical miles in all directions (except 
froin the Ne for Station 3, where the fetch is 25 nautical 


miles). 


70. Summary 

The winds are Strongest in the winter (NE Monsoon) 
Season in the Gulf of Siam. Hence, these high winds fre- 
quently produce waves of appreciable height and period 
at tne wave forecusting sites chosen. The maximum signifi- 

cant wave dimensions computed were a height of 25 feet and 
peeericd of le seconds on the west side of the Gulf. 

In comparison, the summer and both transitional periods 
were climatologically seasons of low and reletively negligi 
ble wave heights, due to the lower wind speeds and the geo- 
Praphical locations of the wave hindcast sites chosen. 

The cimensions of the Significant waves were a heigit of 


Mm fect and a period of nine seconds cn the southeast side 
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APPENDIX I 


MONTHLY WIND ROSES FOR FOUR STATIONS 
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